Intergovernmental Panel on Climate Change (IPCC) estimates indicate that potential changes in seasonal rainfall and temperature patterns in central North America and the African Sahel will have a greater impact on biological response (such as plant production and biogeochemical cycling) and feedback to climate than changes in the overall amount of annual rainfall. Simulation of grassland and dryland ecosystem responses to climate and CO z changes demonstrates the sensitivity of plant productivity and soil C storage to projected changes in precipitation, temperature and atmospheric CO2. Using three different land cover projections, changes in C levels in the grassland and dryland regions from 1800 to 1990 were estimated to be -13.2, -25.5 and -14.7 Pg, i.e., a net source of C due to land cover removal resulting from croplandconversion. Projections into the future based on a double-CO2 climate including climate-driven shifts in biome areas by the year 2040 resulted in a net sink of +5.6, +27.4 and +26.8 Pg, respectively, based upon sustainable grassland management. The increase in C storage resulted mainly from an increase in area for the warm grassland sub-biome, together with increased soil organic matter. Preliminary modeling estimates of soil C losses due to 50 yr of regressive land management in these grassland and dryland ecoregions result in a 11 Pg loss relative to current conditions, and a potential loss of 37 Pg during a 50 yr period relative to sustainable land-use practices, an average source of 0.7 Pg C yr 1. Estimates of the cost of a 20 yr rehabilitation program are 5 to 8 x
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Introduction: Scope of the Problem
Grasslands and associated savanna and shrublands are clearly vulnerable to climate change. The sensitivity of grasslands to climate change has been documented by observations of past droughts in the semiarid and arid regions (Weaver and Albertson, 1943; Hare, 1977; Schlesinger et al., 1990) . Increased human activity has led to degradation of plant production and soil resources in many of these ecosystems leading to desertification in some regions (UNEP, 1991) . The continuing pressure on these ecosystems and the projected modifications in regional climate indicate that further degradation of these lands will occur and that there is potential for still greater C losses.
Changes in seasonal rainfall and temperature patterns in central North America and the African Sahel will have a greater impact on biological response and feedback to climate than changes in the overall amount of annual rainfall (Houghton et al., 1990; Ojima et al., 1991) . There are several ways in which changing climate and atmospheric CO 2 concentrations may affect grassland and semi-arid ecosystems. Productivity of these ecosystems is directly linked to precipitation (Le Houerou, 1984; Sala et aI., 1988; Parton et al., in press), so changes in precipitation amounts will affect plant production. These changes in production can modify soil C storage. The soil C store in these ecosystems is a very important pool, since it represents a significant proportion of the total system C and is stabilized for hundreds to thousands of years.
In the following analysis, several important features of the grassland and dryland region will not be covered in our assessment at this workshop. First, the soil C stored as inorganic constituents in these arid environments is substantial, but the flux rates from the carbonates are relatively small. Second, the paleosols, in certain regions, can also be an important C pool; however, there is no systematic way to deal with the exposure of these soils and subsequent oxidation of their stored C. Third, invasion by or increase in woody species may be significant in grassland communities, and was not included in our climate change simulation. However, this is an indirect effect more closely linked to the frequency and intensity of burning and grazing (Archer, 1993, in press; Schlesinger et al., 1990) .
Our considerations will deal with those changes in plant production and decomposition due to global change or to management practices which will impact the level of stored soil C on a time scale of decades to centuries. The following sections will discuss the grassland and dryland ecoregions being considered in this analysis, key ecological and biological issues related to the uptake and storage of C in these ecosystems, estimate the range of the C source or sink of these ecoregions, and discuss the role of mitigation practices that would modify the magnitude of the source or the sink from the different grassland and dryland ecoregions.
